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main aspects of this project is to study the possibility of land reclamation using ﬁll material from
offshore sources rather than onshore quarries. Another aspect is the method of lagoon drainage
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environmental assessment methodology used in this study can be applied as a preliminary assess-
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Land reclamation is one of the main areas of interest for the
dredging industry. It comprises dredging large amounts ofeng.asu.edu.eg, ymostafa04
y. Production and hosting by
Shams University.
lseviersea sand transported over considerable distances to create a
new land for industrial or infrastructure purposes.
Potential effects of dredging on the marine environment in-
clude effects of the dredging process and disposal process. The
reclamation site and dredging site both undergo biological,
physical and chemical impacts. Dredged material may cause
suspended solids during dredging as a result of substratum dis-
turbance and during transport to the surface, overﬂow from
barges or leakage from pipelines during transport between
dredged and disposal sites. Dredging may affect the physical
environment by changing the bathymetry, current velocity
and wave conditions [15].
Light attenuation by suspended sediments affects the
amount of light available to seagrass plants, coral reef and sev-
eral marine organisms. Turbidity should not only be expressed
in terms of a reduction of light but also by investigation of sus-
pended solid concentrations [2]. Cruz-Motta and Collins [6]
2 Y.E.S. Mostafafound that soft bottom macrobenthic assemblages might re-
spond quickly to the disturbance associated with the dumping
of dredged material.
Erfetmeijer and Lewis [11] presented a worldwide review of
documented cases of dredging and sand mining operations in
or near seagrass meadows. Seagrass beds, covering about
0.1–0.2% of the global ocean ﬂoor, are highly productive eco-
systems that play a key role in the coastal zones [9].
Although a large number of reports documented adverse
impacts on seagrass beds from dredging operations, there are
several other (mostly recent) cases that reported no impacts
on seagrass. There appears to be an increasing awareness
among dredging contractors and regulatory bodies on the eco-
nomic and ecological value of seagrass [11].
Recent large scale dredging and land reclamation works in
Singapore covering area of 100 km2 are likely to have caused
damage to seagrass bed but this has not been documented.
More recently, a series of some of the largest land reclamation
works in recent history have been conducted in Dubai, UAE.
The reclaimed area is estimated to be about 200 km2 [7]. Rec-
lamation in Bahrain resulted in adding about 91 km2 repre-
senting an increase of 11% of the total land area [18]. Some
recent research documented the problems arising from land
reclamation works and industrial activities in the Arabian Gulf
such as [14] and [21].
Fettweis et al. [12] studied the impact of continuous disposal
of ﬁne grained sediments from maintenance dredging works on
the suspended particulate matter (SPM) concentration during
dredging experiments at Port of Zeebrugge, southern North
Sea. Their data revealed that the SPM concentration near the
bed was on average more than two times higher during the
dredging experiment.
In 1996, the Egyptian Environmental Affairs Agency
(EEAA) issued guidelines for coastal development in Egypt.
The main objective of these guidelines was to establish envi-
ronmental regulations mainly for the construction facilities
along the Egyptian coastlines and introduce the basic princi-
ples to investors in ecological sensitive areas [1].
Lee et al. [16] surveyed and reviewed case studies of oceanic
disposal of dredged sediment in USA and some European
countries. They reviewed the status of current assessment pro-
cedures and proposed checklists of core assessment items to
improve the assessment system.
In this paper, the environmental impacts of dredging and
land reclamation at Abu Qir Bay, Egypt are presented as a
case study. A comparison study between using onshore and
offshore ﬁll material sources to ﬁll the site is presented. The cri-
teria for comparison included environmental impacts, ﬁlling
material type and availability as well as duration and cost of
execution. Environmental impact assessment (EIA) guidelines
described by Abul-Azm and Rakha [1] and main marine
assessment ﬁelds described by Lee et al. [16] were considered
in the study. To the author’s knowledge, the proposed project
could be the largest land reclamation work in Egypt using off-
shore dredging spoils.
A site on Abu Qir Bay coast is to be used for a future gas
plant. The site is adjacent to Edko Town in the eastern part of
Abu Qir Bay approximately 40 km east of Alexandria City.
Two gas processing plants already exist in the eastern part of
the bay. The site is about 300 feddan (about 1.26 · 106 m2)
and comprises a low elevation sandy beach and lagoon. The
sea shoreline is to the west and a road and cultivated landare to the east. The site area is mostly permanently covered
with a lagoon that varies in size seasonally. Wastewater is dis-
charged into the site area from an irrigation system via a pipe
under the road.
2. Site description
A large part of the site is covered by a lagoon as indicated in
Fig. 1. The lagoon covers almost all of the future gas plant
area and a relatively small part of the future extension area.
An irrigation pump running daily with a capacity of
3600 m3/h was discharging water into the site. An irrigation
channel was constructed to divert the water around the site.
Fig. 2 shows some photos of the site.
The topographical survey conducted in 2008 indicated that
the lagoon surface water elevation (EL.) was 0.75 m above
mean sea level (MSL). Within the lagoon area, the ground sur-
face elevation varied between EL. 0.0 to EL. 0.75 m; accord-
ingly, the maximum water depth was expected to be about
0.75 m.
Based on the available topographical survey the lagoon
water volume was calculated to be between about 156,000 m3
and 220,000 m3. The lagoon volume varies seasonally based
on variation in groundwater level and the discharged water
drainage from the agricultural land.
The environmental condition of the site is essential for
determination of the site grade level. The gas plant is assumed
to have a design life of minimum 50 years. Therefore, environ-
mental conditions based on a 100 year return period are appli-
cable. The Mean High Water Spring (MHWS) tide level was
recorded to be +0.5 m Chart Datum (CD) or +0.2 m above
mean sea level (MSL).
To protect the site from storm surges and sea level rise due
to global warming, the site has to be raised to El. +2.0 MSL.
Consequently, a ﬁll material of about two million m3 is re-
quired to raise the whole site from the current elevation to
the required ﬁnal site elevation.
3. Soil and water tests at the lagoon
The site is underlain by medium dense to dense silty sands to
about 19 m depth underlain by medium stiff to stiff silty clay
extending to about 22 m depth over very dense ﬁne sand to
silty sand to about 50 m depth.
3.1. Soil/sediment quality
Soil samples from two drilled groundwater wells (piezometers)
and six sediment samples taken from the bottom of the existing
lagoon were analyzed. A summary of the analyses results of
the two drilled piezometers and the sediments beneath the la-
goon is provided in Tables 1 and 2, respectively. The depth
of soil samples ranged from 0.5 to 1.5 m below the bottom
of the lagoon. The soil samples results revealed cadmium levels
higher than the limits set by the Canadian environmental pro-
tection act for sediment quality. The Canadian sediment qual-
ity guidelines [5] were used as a reference as no national or
local guidelines are available for sediment quality evaluation.
Also, the samples showed the presence of total coliforms, org-
nao-chlorinated pesticides, PCD’s and TPH. The organic mat-
ter percentage ranged from 9.89% to 10.76%.
Future Extension
Lagoon
Site Boundary
Gas Plant
Figure 1 Map for the site showing the proposed gas plant boundary and lagoon area.
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The quality of water in the lagoon was assessed. Table 3 pre-
sents a summary of the analyses results. The results indicate
that turbidity levels in the lagoon were slightly higher than
the allowable limits for discharge to marine environment set
by the Egyptian Law 4/1994. Also, TPH at one location was
found to exceed the allowable limits. The water quality assess-
ment was useful in the determination of the impact of lagoon
water drainage and dewatering.
4. Lagoon water drainage and dewatering
Prior to backﬁlling the site, the lagoon water must be drained.
Based on the soil and water analyses results, the grabbed soil
samples at the top surface at the lagoon location indicated that
organic matter exists in all samples and that this organic con-
tent may be up to 10%. From a geotechnical prospective, there
is a need to strip the top surface of the site area prior to ﬁlling
the site to clean it from organic matters such as roots, etc.
These materials can result in uncontrolled large settlement
and/or differential settlement.
Three different options for lagoon water drainage were
investigated. Option 1 involves drainage of the lagoon waterto the northern unused land. To drain the lagoon water to
the northern unused land, three diesel centrifugal pumps con-
nected to 16 in. diameter header are required. Option 2 in-
volves draining the lagoon water to the Mediterranean Sea
via a 16 inch outfall pipeline connected to three diesel centrif-
ugal pumps. Option 3 involves draining the lagoon water
through the existing irrigation channel located south and west
of the site. Option 3 is expected to have the lowest cost and
shortest time duration. However, environmental impacts of
the three proposed options must be considered as the lagoon
water is contaminated. The environmental impacts of the three
options are discussed in Section 6.
After surface drainage of the water lagoon, dewatering is
required to dry the lagoon area. Different methods can be used
for dewatering such as WellPoint system and the open pump-
ing system [20].5. Environmental impact evaluation procedures
Themain objective is to examine, analyze and assess the planned
project activities’ effects on the baseline conditions. The impact
assessment process starts with a procedure to identify the key
environmental and social features from the baseline
Figure 2 Photos of the site: (a) a view along the irrigation channel (looking southwest), (b) pumping the wastewater into the lagoon from
the agriculture land located on the other side of the road (looking northwest), (c) amateur ﬁshing practice talking place in the existing
lagoon, (d) photo showing the grading through the site (looking northeast).
Table 1 Analyses results of the soil at the two drilled piezometers.
Parameter Units Well 1 (L7) Well 2 (L8)
Sample 1 Sample 2 Sample 1 Sample 2
Temperature C 18 24
pH 8.2 8.18 8.15 8.12
Heavy metals
– Lead (Pb) ppt 16.49 16.65 16.58 16.85
– Magnesium (Mg) ppm 2.98 2.75 2.64 2.55
– Mercury (Hg) ppb 0.95 0.96 0.75 0.89
– Nickel (Ni) ppm 7.29 7.82 7.39 7.58
– Zinc (Zn) ppm 6.05 6.25 6.35 6.24
– Cadmium (Cd) ppm 2.39 1.31 1.29 1.97
– Copper (Cu) ppm 4.51 4.36 5.26 5.41
Total Coliforms cfu/10gm 15 5 20 10
Fecal Coliforms cfu/10gm 2 0 0 0
Organo-Chlorine Pesticides ppb 2.52 2.48 3.13 3.08
PCBs ppb 21.56 20.95 19.82 19.48
Nitrate (NO3) mg/l 0.019 0.018 0.019 0.018
Nitrate ((NO2) mg/l 0.014 0.014 0.013 0.014
Phosphate (PO4) mg/l 0.005 0.004 0.005 0.004
TPH mg/l 31 29 27 28
Organic matter (LOI) % 9.96 9.98 10.76 10.58
4 Y.E.S. Mostafainformation. This procedure identiﬁes the key biological, phys-
ical and human components of the project area.
The potential positive and negative changes resulting from
the project activities/aspects are then predicted for the study
area over the time span of ﬁlling operations needed as part
of the site development project. These predicted changes (im-
pacts) are then evaluated using a signiﬁcance ranking process.
An outline of the impact assessment includes: identiﬁcation of
the valued receptors, identiﬁcation of the project aspects,
impact evaluation and signiﬁcance ranking.A valued receptor (VR) is any part of the environment that
is considered to be important or valuable. The VRs may be se-
lected according to economic, social, esthetic or ethical criteria,
as well as physical and biological characteristics. The selection
of VRs is dependent on the nature of the option under inves-
tigation. This depends on the types of interaction with the
environment that the project is expected to have, given its com-
ponent activities and area of inﬂuence.
Each valued receptor is categorized in terms of its perceived
environmental and social value, taking into account local,
Table 3 Analyses results of the existing lagoon water samples.
Parameter Unit Location
L1 L2 L3 L4 L5 L6
Salinity ppt 26 26 29 29 29 26 26
Temperature C 20 16.6 17.6 18.6 18.1 18.9 18.9
pH 8.58 8.56 8.62 8.63 8.5 8.47 8.47
Heavy metals
– Magnesium (Mg) ppt 1123 1139 1178 1119 1107 1140 1144
– Lead (Pb) ppm 0.002 0.002 0.002 0.002 0.003 0.003 0.003
– Mercury (Hg) ppb 0.001 0.001 0.001 0.001 0.001 0.001 0.002
– Nickel (Ni) ppm 0.008 0.008 0.007 0.008 0.008 0.007 0.007
– Zinc (Zn) ppm 0.008 0.008 0.009 0.009 0.009 0.008 0.009
– Cadmium (Cd) ppm 0.002 0.002 0.002 0.002 0.001 0.002 0.002
– Copper (Cu) ppm 0.004 0.004 0.005 0.005 0.005 0.005 0.005
Total Coliforms cfu/10gm 5 20 10 0 5 3 5
Fecal Coliforms cfu/10gm 0 0 0 0 0 0 0
Organo-Chlorine Pesticides ppb 0.874 0.845 0.801 0.770 0.824 0.872 0.874
PCBs ppb 1.592 1.608 1.496 0.995 1.254 1.442 1.450
Nitrate (NO3) mg/l 0.134 0.131 0.126 0.125 0.127 0.131 0.129
Nitrate ((NO2) mg/l 0.022 0.019 0.016 0.017 0.021 0.021 0.02
Phosphate (PO4) mg/l 0.227 0.226 0.215 0.213 0.202 0.223 0.22
TPH mg/l 1.38 0.12 0.125 0.139 0.144 0.142 0.115
Total Dissolved Solids mg/l 25600 25900 25800 24500 24800 25300 25200
Electrical Conductivity Ml S/cm 33.4 34 33.5 32.2 31.8 32.2 32.1
Dissolved Oxygen mg/l 13.1 N/A N/A N/A N/A 12.6 12.6
Turbidity NTU 52 55 48 52 55 51 52
BOD mg/l 12.8 12.5 11.6 9.8 12.4 11.2 11
COD mg/l 0.209 0.195 0.19 0.185 0.21 0.205 0.2
Chloride mg/l 14250 14690 14620 13950 14090 14190 14190
Table 2 Analyses results of the sediment beneath the existing water lagoon.
Parameter Unit Location
L1 L2 L3 L4 L5 L6
Temperature C 20 14.8 17.1 17 17.6 19 19
pH 8.58 8.12 8.07 8.25 8.23 8.3 8.3
Heavy metals
– Magnesium (Mg) ppt 14.75 15.48 16.17 15.94 15.81 14.97 14.99
– Lead (Pb) ppm 3.54 3.65 3.14 3.58 3.76 3.49 3.52
– Mercury (Hg) ppb 1.36 1.42 1.49 1.23 1.35 1.22 1.17
– Nickel (Ni) ppm 6.98 6.45 6.25 6.38 6.41 6.59 6.51
– Zinc (Zn) ppm 7.32 6.34 8.39 6.35 6.89 6.78 6.53
– Cadmium (Cd) ppm 1.99 2.34 2.51 2.36 2.48 2.97 2.41
– Copper (Cu) ppm 4.23 4.25 4.17 4.38 4.89 4.27 4.26
Total Coliforms cfu/10gm 25 21 15 10 12 25 27
Fecal Coliforms cfu/10gm 0 0 0 0 0 2 1
Organo-Chlorine Pesticides ppb 2.645 2.662 2.515 3.177 2.67 2.719 2.729
PCBs ppb 30.25 28.95 27.57 25.68 26.69 30.95 31.09
Nitrate (NO3) mg/l 0.025 0.022 0.012 0.019 0.023 0.021 0.02
Nitrate ((NO2) mg/l 0.014 0.002 0.002 0.001 0.00 0.001 0.001
Phosphate (PO4) mg/l 0.005 0.006 0.006 0.006 0.006 0.006 0.006
TPH mg/l 50 42 39 37 37 43 44
Organic matter (LOI) % 14.46 31.73 16.61 9.3 9.3 8.58 8.62
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tus, if appropriate. Based on these considerations the environ-
mental and social values are allocated a category of low,
medium or high.
Low VR is considered important but may not be particu-
larly sensitive to impact, and is not subject to legal protection.
Medium VR may be sensitive to impact or of considerablelocal importance. High VR is highly sensitive to impact, has
national or international designations and/or legally protected
features, or is regarded as being of great importance.
The evaluation has been conducted using the basic criteria
for deﬁning an impact, which are magnitude, spatial extent
and duration. The magnitude is an indication of the propor-
tion of VR that will experience the impact in relation to the
6 Y.E.S. Mostafatotal resource. Spatial extent is the geographical area over
which the impact is experienced. Duration is the length of time
over which the impact will be experienced. An impact may be
present only while a project is active, or it could persist long
after the project activity has ceased, in which case the duration
may be regarded as the time the VR needs to recover from the
effect.
Each potential impact is evaluated by applying descriptors
to each of the above criteria, based on qualitative or, to the ex-
tent possible, quantitative evaluation, as shown in Table 4.
Each potential impact is then allocated a ‘basic impact in-
dex’ obtained by averaging the numerical values assigned
respectively for magnitude, spatial extent and duration of im-
pact. The average is rounded up where necessary; thus, the ba-
sic impact index is a number between 1 and 5.
The ﬁnal impact signiﬁcance is the result of the combina-
tion of the basic impact index and the VR categorization, as
shown in Table 5. Impact signiﬁcance is described as insignif-
icant, minor, moderate or major. Those impacts are considered
to require mitigation measures in order to eliminate the im-
pacts or to reduce their signiﬁcance ranking.
6. Environmental impacts of lagoon drainage
As discussed in Section 4, three options for lagoon water
drainage and dewatering are available. These options are
called herein Option 1, Option 2 and Option 3.
Throughout the assessment of different environmental im-
pacts that will arise from any of the three options, the follow-
ing general assumptions were considered based on available
information relevant to chemical analysis for the main water
quality parameters.
Generally, agricultural drainage is characterized by high
levels of nitrates, phosphates, and sulfates originating from fer-
tilizers’ application. This is also shown in Table 3. As the la-
goon water is drained through the existing agriculturalTable 4 Impact index.
Basic criteria of
impact
Very low 1 Low 2 M
Magnitude Very small
proportion of the
VR is aﬀected
Small proportion of
the VR is aﬀected
M
pr
VR
Spatial extent Local impact in the
immediate area of
the activity
Local impact in the
study area
R
im
Duration Less than 1 year 1–5 years 5–
Table 5 Impact signiﬁcance matrix.
Basic impact index
Very Low 1 Low 2
VR category
Low Insigniﬁcant Insigniﬁcant
Moderate Insigniﬁcant Minor
High Minor Moderatedrainage, it is anticipated that high levels of pesticides, herbi-
cides, and fungicides that are mostly organo-phosphorous, or
halogenated aromatic compounds are to be present in agricul-
tural drainage. These compounds are highly toxic. Traces of
oil and grease might be present as a result of accidental spills
of water pumps lubricating oil.
These preliminary characteristics are applicable to both the
water ﬂowing to the drainage channel and the water inside the
existing lagoon. However, it is assumed that the lagoon water
quality could be better as a result of large surface area, conse-
quently higher aeration. Both factors lead to enhanced biolog-
ical decomposition of any biodegradable contaminants. As
shown in Table 3, turbidity levels in the existing water lagoon
were slightly higher than the allowable limits for discharge to
marine environment set by law 4/1994. Moreover, TPH at
one location out of seven locations was found to exceed the
same limits.
Option 1 involves drainage of the lagoon water to the
northern unused land. Receptors of concern include ground-
water quality and ecological habitats for terrestrial fauna
and ﬂora.
Visual survey of the site revealed that no signs of terrestrial
fauna were observed. Some ﬂora species were observed but
vegetation was very poor within the site boundaries.
The expected impacts do not have a major signiﬁcance on
either groundwater quality or terrestrial ecology due to either
low groundwater quality (mostly saline water due to sea water
intrusion) or limited ecological value of the terrestrial ecology
in the project area. However, to follow a conservative ap-
proach, a signiﬁcance of ‘‘Minor’’ can be given to this impact.
Option 2 involves drainage of the lagoon water to the Med-
iterranean Sea via an outfall pipeline. This activity will poten-
tially contaminate the marine water in the discharge area. This
impact does have a major signiﬁcance on the marine water
quality. The water quality will have a direct effect on the mar-
ine biota and consequently the rest of the food chain members.oderate 3 High 4 Very high 5
oderate
oportion of the
is aﬀected
Large proportion of
the VR is aﬀected
Very large
proportion or all of
the VR is aﬀected
egional scale
pact
National scale
impact
Transboundary scale
impact
10 years Greater than
10 years
Irreversible
Moderate 3 High 4 Very high 5
Minor Moderate Moderate
Moderate Major Major
Major Major Major
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taken prior to discharge, a signiﬁcance of ‘‘Moderate to Ma-
jor’’ can be given to this impact.
Option 3 involves drainage of the lagoon water to the exist-
ing drainage channel. This activity will involve dilution of con-
taminant concentrations in the agricultural drainage water
passing via this drainage channel.
The existing pump discharging water to the lagoon has a
maximum capacity of 3600 m3/h and is working continuously
at 75% of its maximum design capacity. Therefore, the ex-
pected ﬂow rate of drainage water in the channel is approxi-
mately 2700 m3/h. Lagoon water drainage design indicated
that three pumps with an overall pumping/discharge capacity
of 600 m3/h are required to discharge water from the lagoon
to the irrigation channel. This means that dilution of the con-
taminants in the agricultural drainage channel may occur with
a percentage ranging from 12% to 18% upon adding both
ﬂows together. This can be considered a positive impact to this
option assuming the higher quality of lagoon water.
However, Option 3 still has a signiﬁcant impact on the mar-
ine water quality. The water quality will have a direct effect on
the marine biota and the rest of the food chain members. A sig-
niﬁcance of ‘‘Moderate’’ could be given to this impact. This
signiﬁcance could be lowered to ‘‘Minor’’ in case of applying
primary treatment technologies before discharge of lagoon’s
water to the drainage channel.
Primary treatment technologies are meant to be treatment
approaches that can be divided into three general types: phys-
ical, chemical and biological. The physical/chemical treatment
comprises: particle removal, adsorption, air stripping, mem-
brane process, distillation, chemical precipitation, ion ex-
change and advanced oxidation processes. Biological
treatment can be a useful tool in drainage water treatment
for the removal of both organic and inorganic contaminants.
More details about primary treatment technologies are pre-
sented by the drainage Water Treatment Technical Committee
[8].
Table 6 summarizes the potential impacts of lagoon drain-
age. In conclusion, Option 3 is considered the favorable option
from the environmental prospective as compared to Option 2.
Furthermore, Option 3 requires limited permits and no need
for land acquisition as compared to Option 1.
7. Land reclamation using onshore versus offshore ﬁll material
sources
In this study, two alternatives for sand material required to ﬁll
in the site were investigated. The ﬁrst alternative is to bring the
ﬁll material from onshore sources while the second alternativeTable 6 Summary of potential impacts of lagoon drainage.
Option Expected impacts Signiﬁcance
Option 1 Impact on ground water quality Minor
Loss of terrestrial ecology Minor
Option 2 Impact on marine biota Moderate–major
Impact on marine water quality Moderate–major
Option 3 Impact on marine biota Moderate
Impact on marine water quality Moderateis to bring the ﬁll material from offshore sources using dredg-
ing spoils.
7.1. Onshore ﬁll material option
The closest designated quarries comprising clean sand are lo-
cated on El Hamam, El Alamain and El Khatatba. El Hamam
city is 65 km west of Alexandria, which is about 100 km from
the site. El Alamain is 100 km west of Alexandria, which is
about 140 km from the site. El Khatatba is located on
Cairo-Alexandria road and is about 150 km from the site.
The above mentioned quarries comprise clean coarse sand
(less than 5% ﬁnes content) and can be used for site ﬁlling
and for concrete work. From a geotechnical prospective, this
is the most favored ﬁll material for site preparation. Also, there
is a quarry located at Edko, 10–15 km from the site, but this
quarry comprises sand dunes with ﬁne sand and silt. However,
the amount of sand in this quarry is not sufﬁcient to ﬁll the
site.
7.2. Offshore ﬁll material sources
The imported ﬁll material coming from offshore source (dredg-
ing spoils) should be obtained from appropriate depth and dis-
tance from the shoreline using marine sediment extraction
techniques. It should be noted that the area is characterized
by the presence of many subsea pipelines of natural gas and
crude oil.
Based on bathymetric survey and nature of soils below sea-
bed at the Mediterranean Sea at the Nile Delta published by
Summerhayes et al. [22], it was concluded that two zones, com-
prising sand, can be used to obtain the dredging spoils required
to backﬁll the gas plant site. The ﬁrst zone is near the site lo-
cated west and northwest of the site. This zone is called herein
as ‘‘Near Zone’’ dredging option and shaded in Fig. 3. It is lo-
cated within 5 km from shoreline. However, it is expected that
this zone may contain archeological spots and thus permits for
dredging from this spot may not be granted. Accordingly, a
second zone far from the site and called herein as ‘‘Far Zone’’
dredging option is selected as another source for dredged
spoils. This zone is located at about 40–50 km from shoreline
as shaded in Fig. 4.
Summerhayes et al. [22] indicated that the percentage of
sand in the Near Zone and Far Zone areas ranges between
70% and 100%. This implies that this area is expected to
comprise ﬁne silty sand or sand with some silt. Washing
the silt and ﬁnes content from the sand is possible in some
dredgers. If the ﬁne silty sand is directly used without wash-
ing the ﬁnes content from the sand, it is expected that some
geotechnical problems including primary and secondary (long
term) settlements will arise. In this case, geotechnical solu-
tions should be considered including wick drains and/or pre-
loading. Preloading is expected to take signiﬁcant time;
therefore, wick drains are preferable. Using wick drains or
prefabricated vertical drains (PVD) has been successful in
land reclamation projects using a quality control system such
as explained in [24].
The main available types of dredging vessels are Trailing
Suction Hopper Dredger, Cutter Suction Dredger and Back-
hoe Dredger. The characteristics of these dredgers are dis-
cussed in the British Standard BS 6349-5 [3].
Figure 3 Marine sediments and bathymetry at Abu Qir Bay showing the proposed near zone dredging area (colored zone within 5 km
from shoreline).
Figure 4 Marine sediments and bathymetry at Abu Qir Bay showing the proposed far zone dredging area (colored zone within 40–50 km
from shoreline).
8 Y.E.S. MostafaTrailing Suction Hopper Dredger has the ability to trans-
port material over long sailing distances. Dredged material is
discharged commonly via pipeline for land reclamation.With the Cutter Suction Dredger, dredging takes place
while the vessel is moored by means of spuds and/or anchors
and combines cutting action with suction. Dredged material
Environmental impacts of dredging and land reclamation at Abu Qir Bay, Egypt 9is discharged into barges or more commonly pumped via a
pipeline for land reclamation. The maximum distance of pipe-
line operation should be 3 km from the shoreline.
Backhoe Dredger comprises a backhoe excavator that is
mounted at one end of a spud-rigged pontoon. It has the abil-
ity to dredge debris and weathered rock.
The best dredging type suitable for the site is the Trailing
Suction Hopper Dredger.
7.3. Duration of execution
For onshore option, trucks and trailers are required to transfer
the ﬁll material from designated quarries to the site. It is ex-
pected that each truck can transfer about 30 m3 of ﬁll material
in one trip. Based on the required ﬁll material quantities, it is ex-
pected that about 20,000–30,000 trips are required to ﬁll the gas
plant area only. This operation will take about 12–18 months.
Based on information provided by local and international
dredging contractors, the Trailer Suction Hopper Dredgers
are available starting from a capacity of 500–25,000 m3. The
average available vessel capacity is 4000 m3 of sand and can
make a trip of 25 km every 4 h. This means that about
20,000–24,000 m3 of soil can be transferred to the site daily.
The vessel is able to wash the sand inside its storage tank
and remove the silt and dirt from the sand. The dredgers also
can pump the cleaned sand compacted to the site directly or
pump it to a stockpile on the site. About 800 mm diameter,
500 m long, pipeline is required to transfer the sand to the
shore.
Given the anticipated amount of ﬁll material required to ﬁll
the site, it is estimated that dredging operations will take from
3 to 4 months. This represents about one-fourth the time re-
quired for ﬁlling the site using onshore ﬁll material sources.
7.4. Cost of execution
Based on communications and meetings with local contrac-
tors, it was concluded that the cost of clean sand obtained
from the designated onshore quarries ranges between about
$11–$13/m3 including the cost of soil compaction. If Edko
quarry comprising sand with some silt is utilized, the expected
cost ranges between about $5.5–$7.5/m3.
Based on meetings with local and international dredging
contractors working in the Egyptian market, the cost for the
‘‘offshore dredging spoils option’’ ranges between about $9–
$13/m3. The cost also depends on the amount of washing silt
of the sand is required.
It should be noted that the above numbers for cost estimate
represent the cost during 2009. The above numbers show that
the cost of using dredging spoils is very comparable to the cost
of using onshore ﬁll material or it may be even slightly
cheaper.
8. Environmental impacts of land reclamation using onshore and
offshore ﬁll material
The environmental impacts of land reclamation using onshore
ﬁll material sources and offshore dredging spoils were studied
to assess the best option from an environmental prospective.
The identiﬁed valued receptors (VRs) are presented in Ta-
ble 7. These VRs include terrestrial ecology (habitat, ﬂoraand fauna), marine ecology (benthic organisms, marine biota,
sea sediment and sea birds), human environment (population,
trafﬁc, agricultural activities and ﬁshing activities), land (geo-
morphology and shoreline change) and surface water. The
importance of each VR was identiﬁed as shown in Table 7.
In the following subsections, the predicted impacts of the
use of onshore ﬁll material and offshore dredging spoils are
presented in detail. It should be noted that in the current
assessment of environmental impacts associated with different
aspects of both ﬁll material options, those impacts arising from
the ﬁll material characteristics were not considered. An
assumption was made that the material characteristics will ful-
ﬁll all the technical speciﬁcations that will lead to the least
environmental impacts. Thus, only the associated aspects were
qualitatively assessed in this study.
8.1. Onshore ﬁll material
The associated environmental aspects considered in evaluating
the onshore ﬁll material option were: transportation, antici-
pated air emissions, noise levels, handling management system,
unloading, soil compaction and accidental leaks/spills.
8.1.1. Transportation (location of quarry)
Potential quarries are located at distant locations from the pro-
ject sites by about 100–150 km. Possible impacts may include
road accidents and vehicles collision (e.g., between routine road
users and ﬁll material transporters). This may result in human
injury or loss of life which is considered amajor potential impact
from accidental events. Other impacts may be related to general
litter and oil spills from vehicles during transportation of ﬁlling
material. Dust generation probability increases as the trip dis-
tance increases and most heavy trucks or vehicles are operated
using diesel which will impact air quality.
Some domestic quarries (different sources) are located near
the proposed project site location. These quarries are located
at a distance of 10–50 km from Balteem, Gamasah or Rosetta
(Rasheed). However, these types of quarries are uncontrollable
regarding the management system of handling the material,
examinations of material quality, and possibility of
contamination.
There are several activities affecting air quality such as
transportation of ﬁll material via trucks, operation of off-road
loaders and bulldozers, unloading of ﬁll material, grading and
clearing, creation of access routes and compaction processes.
The air emission factors of expected machinery to be used
during site preparation were considered in the environmental
assessment. The air emission factors provided by the Environ-
mental Protection Agency (2004) were used as a guide. The
expected noise levels of machinery during site preparation were
considered according to the British Standards [4].
8.1.2. Handling management system (HMS)
During handling the ﬁll material, contingency plan and safety
measures should be implemented to reduce environmental im-
pacts. Examinations of any contamination of the ﬁll material
should be conducted offsite prior to loading and transporta-
tion. In addition, covering and securing ﬁll material on trucks
may prevent serious injuries to humans and other vehicles.
Failure to implement these measures will affect the surround-
ing environment of the proposed project area.
Table 7 Identiﬁed valued receptors (VRs).
Valued receptor Importance Categorization
Ecology
Terrestrial ecology
Habitat Important for ecosystem well being and proper functioning Low
Flora Important for ecosystem well being and proper functioning. Only two species recorded in the site Low
Fauna Important for ecosystem well being and proper functioning. No signs of faunal presence in the site Low
Marine ecology
Benthic organisms Option 1 (Near Zone dredging option) Moderate
Importance to the well being of all biological content of the ecosystem
Option 2 (Far Zone dredging option) Low
Limited Importance to the well being of all biological content of the ecosystem
Marine biota Option 1 (Near Zone dredging option) Low
Importance to the well being of all biological content of the ecosystem. Poor marine nourishment with low plank-tonic species and counts
Option 2 (Far Zone dredging option) Low
Limited Importance to the well being of all biological content of the ecosystem. Poor marine nourishment with low plank-tonic species and counts
Sea sediment Option 1 (Near Zone dredging option) Moderate
 Importance to the well being of all biological content of the ecosystem
 Poor marine nourishment with low plank-tonic species and counts
Option 2 (Far Zone dredging option)
 Limited Importance to the well being of all biological content of the ecosystem. Complete change in sediment quality/composition
Sea birds Option 1 (Near Zone dredging option) Moderate
 Importance to the well being of all biological content of the ecosystem. Limited count of species and population
Option 2 (Far Zone dredging option) Low
 Limited Importance to the well being of all biological content of the ecosystem. Limited count of species and population
Human environment
Population The area is free of any major residential settlements, hospitals, or schools Moderate
Traﬃc Creation of high traﬃc roads aﬀecting goods transport and road users Low
Economic activities
Agriculture activities Vast areas to the east, south east and north east are cultivated. These cultivations are the main source of income to many families in Edko Moderate
Fishing activities Scattered ﬁsh activities are practiced in the site lagoon and in the sea. Due to industrial activities in the south,
ﬁsh gatherings are not expected to be in abundance
Low
Land
Geomorphology Soil sustains life and can inﬂuence groundwater quality. However, industrial nature of area reduces sensitivity Moderate
Topography (shore line) Any changes to the shore line proﬁle will aﬀect the groundwater level, ecology, inter-tidal creatures Moderate
Water
Surface water  Sustainability issues Moderate
 Eﬀects on local use for irrigation
 Health implications for all users
Groundwater  Sustainability issues (groundwater may be considered a highly limited renewable resources in the region) Moderate
 Eﬀects on local use for irrigation
Sea water  Sustainability issues Moderate
 Eﬀects on local use (ﬁsheries, transportation . . .etc.)
Air and climate
Air Good air quality is required for population health, health of crops and climate regulation Moderate
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During site preparation, unloading activities as well as the
occurrence of non-routine events, such as oil spills, could lead
to impacts on several VRs. Site ﬁlling and leveling will change
the geomorphology of the site which will have impacts on the
soil. Terrestrial ecology and biodiversity may be affected by
creation of access roads to unload the ﬁll material. During
the unloading of the ﬁll material, there will be an overall loss
of terrestrial habitat, for example, loss of feeding areas, cover
and nesting of fauna and disturbance of the surrounding
ecosystem.
During unloading the ﬁll material, there may be a localized
and temporary reduction in air quality as a result of dust and
particulate generation. It is considered to be signiﬁcant, with
the potential to affect workers on-site, and off-site receptors
such as people using the adjacent road, land or working in
the neighboring areas. Creation of access roads, excavation
and earthworks may lead to the temporary air borne transport
of particulates (increased dust). The majority of the dust gen-
erated during construction is likely to be deposited within
100 m of the site. According to the UK Environment Agency
[10], some 85% of particulate matter in the ambient air is
deposited within 100 m of the source while approximately
10% is deposited between 100 and 500 m. No residential areas
are located within 100 m of the project site. Air quality will
also be reduced by emissions from machinery and vehicles used
for transportation to and from the site and on the site.
8.1.4. Compaction
The principal reason for compacting soil is to reduce subsequent
settlement under working loads. From an environmental pro-
spective, improper compaction may result in harboring of dis-
ease vectors such as rats, insects or vermin in general, which
are common in rural areas and may affect human health or
the neighboring crops harvested in the surrounding agricultural
land. In addition, during the compaction process water is added
to the soil as it becomes easier for the particles to move past one
another during the application of the compacting forces. Conse-
quently, clean water will be required during compaction proce-
dures which may result in producing leachate carrying any
contamination contained in the ﬁllingmaterial whichmay affect
groundwater quality.
8.1.5. Accidental spills/leaks
Accidental spills and leaks which may include seepage from
improperly protected storage locations, fuel spillage, lubricants
spills and leaks from container vehicles may have adverse im-
pacts on groundwater quality. This can result in contaminating
substances reaching groundwater resources. An accidental
event that may contribute to groundwater contamination is
mainly attributed to seepage of contaminants from accumula-
tion of solid wastes or inappropriate sanitation facilities. Acci-
dental events including contaminant leaching to subsurface
may eventually lead to a serious impact on the surface soil
type, chemical composition or fertility.8.2. Offshore ﬁll material
The associated environmental aspects considered in evaluating
the offshore ﬁll material option were: dredging operations,pipeline transfer of dredged material, dredged material basin
operation, soil compaction and accidental leaks/spills.
8.2.1. Dredging operations
Impacts to biological resources from physical and chemical
environmental alterations are associated with dredging and dis-
posal activities. Major classes of alterations include suspended
sediments, sedimentation, chemical release, and dissolved oxy-
gen reduction. The biological impacts of marine sediments
extraction are the disturbance and removal of benthic infauna
and epifauna and alteration of the substance upon which colo-
nization depends. This will in turn affect its stability as a ﬁsh
or shellﬁsh food habitat. Where the remnant substrate is identi-
cal to the surﬁcial sediment, disturbance is unlikely to be perma-
nent and the extraction area will be re-colonized, although the
time scale will vary depending on the nature and location of
the deposit. A dredging vessel uses huge amounts of ballast
water to maintain balance and buoyancy. Ballast water in most
cases is oil/hydrocarbon/corrosion products contaminated, thus
affecting the marine water quality.
The impacts mentioned above are mostly applicable for the
Near Zone dredging area (less than 5 km) as shown in Fig. 3.
However, dredging area at Far Zone (40–50 km from shore-
line), are characterized by low nutrients, and thus the density
of marine biota is limited. This is due to the increase in water
depth which results in low sunlight penetration. The sediments
in these areas are not affected by below surface currents. The
tendency of dispersion of contaminants or turbidity along
the water column is limited. Consequently, the predicted im-
pacts from dredging activities in the Far Zone are expected
to have a lower magnitude than those in the Near Zone.8.2.2. Pipeline transfer of dredged material
Transferring the dredged material to onshore basins can be
done via ﬂexible pipelines. This method may adversely affect
the marine water quality and marine biota in case of pipeline
leak or barge accidents.
8.2.3. Dredged material basin operation
The purpose of dredged material basin is mainly to provide
some retention time to allow the solid content of dredged
material to settle and then can be used for backﬁlling. The
water in the basin is discharged back to the sea. Prior to dis-
charging the water to the sea, adequate physical treatment is
required to ensure compliance with the Egyptian national
guidelines for discharging liquid efﬂuent to marine environ-
ment even if this water was originally from the sea. Impacts
on groundwater quality may occur due to leaching of water
efﬂuents from marine sediments.
Artiﬁcial dikes or levees will be constructed as retention
boundaries of settling basins. Other techniques may be used
such as geotubes. A limitation on the solids content in the
overﬂow water of 8 gm/l is a common measure of the adequacy
of retention in the settling basin [19]. More details about
dredged material sedimentation design can be found in Monto-
gomery [17], US Army [23].
8.2.4. Compaction and accidental spills/leaks
The compaction and accidental spills/leaks environmental as-
pects are similar to those discussed in Sections 8.1.4 and 8.1.5.
Table 8 Summary of predicted impacts signiﬁcance matrix (Near Zone dredging option).
Category Aspects oﬀshore (Near Zone dredging option) Aspects onshore
Dredging Pipeline Basin operation Compaction Accidents/spills Transportation HMS Unloading Compaction Accidents/spills
High Low Moderate Low Moderate Moderate Moderate Low Low Moderate
Ecology
Terrestrial ecology
Habitat Low Moderate Insigniﬁcant Minor Minor Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Flora Low – – Minor Minor Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Fauna Low – – Minor Minor Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Marine ecology
Benthic Organisms Moderate Major Minor Moderate – Moderate – – – – –
Marine Biota Low Moderate Insigniﬁcant Minor – Minor – – – – –
Sediment Moderate Major Minor Moderate – Moderate – – – – –
Sea Birds Moderate Major Minor Moderate – Moderate – – – – –
Human environment
Population Moderate – – – – – Moderate – – – Minor
Traﬃc Low – – – – Minor – Minor Minor Insigniﬁcant Insigniﬁcant
Economical activities
Agriculture activities Moderate – – – – – Moderate Moderate Minor – Minor
Fishing activities Low Moderate Insigniﬁcant Minor – Minor Minor – – – –
Land
Geomorphology Moderate – Minor Moderate Moderate – Moderate Moderate Minor Minor Moderate
Bathymetry and
shoreline change
Moderate Major Minor Moderate Moderate Moderate – – Minor Minor Moderate
Water
Surface water Moderate – – – – – – Moderate – – Moderate
Groundwater Moderate – – Moderate Moderate – – Moderate – Minor Moderate
Sea water Moderate Major Minor Moderate – Moderate – – – – –
Air and climate
Air Moderate Major – – Moderate – Moderate Moderate Minor Minor Moderate
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Table 9 Summary of predicted impacts signiﬁcance matrix (Far Zone dredging option).
Category Aspects oﬀshore (Far Zone dredging option) Aspects Onshore
Dredging Pipeline Basin operation Compaction Accidents/spills Transportation HMS Unloading Compaction Accidents/spills
Moderate Low Moderate Low Moderate Moderate Moderate Low Low Moderate
Ecology
Terrestrial ecology
Habitat Low Minor Insigniﬁcant Minor Insigniﬁcant Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Flora Low – – Minor Insigniﬁcant Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Fauna Low – – Minor Insigniﬁcant Minor Minor Minor Insigniﬁcant Insigniﬁcant Minor
Marine ecology
Benthic Organisms Low Minor Insigniﬁcant Minor – Minor – – – – –
Marine Biota Low Minor Insigniﬁcant Minor – Minor – – – – –
Sediment Low Minor Insigniﬁcant Minor – Minor – – – – –
Sea Birds Low Minor Insigniﬁcant Minor – Minor – – – – –
Human Environment
Population Moderate – – – – – Moderate – – – Minor
Traﬃc Low – – – – – – Minor Minor Insigniﬁcant Insigniﬁcant
Economical activities
Agriculture Activities Moderate – – – – – Moderate Moderate Minor – Minor
Fishing Activities Low Minor Insigniﬁcant Minor – Minor Minor – – – –
Land
Geomorphology Moderate – Minor Moderate Minor – Moderate Moderate Minor Minor Moderate
Bathymetry and
shoreline change
Moderate – Minor Moderate Minor Moderate – – Minor Minor Moderate
Water
Surface Water Moderate – Minor – – – – Moderate – – Moderate
Groundwater Moderate – – Moderate Minor – – Moderate – Minor Moderate
Sea Water Moderate Moderate Minor Moderate – Moderate – – – – –
Air and climate
Air Moderate Moderate – – – Moderate Moderate Moderate Minor Minor Moderate
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14 Y.E.S. Mostafa9. Results and discussion of environmental assessment
The VRs and their categorization presented in Table 7 and the
predicted impacts discussed in Section 8 are combined together
to assess the impact signiﬁcance of each VR in the form of a
matrix.
Table 8 presents a summary of predicted impacts signiﬁ-
cance matrix if the Near Zone dredging option (within 5 km
from shoreline) is selected. Table 9 summarizes the predicted
impacts signiﬁcance matrix if the Far Zone dredging option
(about 40–50 km from shoreline) is selected.
The Near Zone dredging option revealed signiﬁcant im-
pacts on marine ecology, bathymetry, shoreline change and
seawater quality. The Far Zone dredging option revealed min-
or impacts on marine ecology, bathymetry, shoreline change
and seawater quality.
The use of onshore ﬁll material generally indicated minor
impacts on terrestrial ecology, moderate impacts on human
environment, land geomorphology, air and climate, surface
and ground water.
It can be seen from Tables 8 and 9 that the environmental
evaluation has revealed that the overall impacts resulting from
using the offshore ﬁll material from the Near Zone option will
slightly exceed those resulting from the onshore ﬁll material
option with a low increment. However, if the offshore material
at the Far Zone option is selected, the overall impacts are less
than the impacts if the onshore option is selected.
In case the offshore dredged material is taken from the
Near Zone, the onshore ﬁll material option and its associated
environmental impacts inﬂuence lower proportion of the iden-
tiﬁed valued receptors (VRs). Moreover, the valued receptors
that are predicted to be more affected by the onshore option
are deemed to be of less signiﬁcance and importance due to
the poor terrestrial ecological conditions and hence possess
lower ecological value. On the other hand, the offshore ﬁll
material is expected to affect the sea water, marine ecology
in an irreversible duration, land and groundwater. Although
the magnitudes of impacts are quiet comparable for both op-
tions, the onshore ﬁll material option is more favorable from
the environmental prospective.
In case the source of offshore dredged material is from the
Far Zone option, the offshore ﬁll material option and its asso-
ciated environmental impacts will inﬂuence lower proportion
of the identiﬁed valued receptors. Moreover, the valued recep-
tors that are predicted to be more affected by the offshore op-
tion are deemed to be of less signiﬁcance and importance due
to the poor marine ecological conditions and hence possess
lower ecological value.
The ﬁndings from this study are compatible with the litera-
ture. Fredette and French [13] explained that 35 years of re-
search in New England indicate that ocean disposal of
dredged material has minimal environmental impacts when
carefully managed.10. Summary and conclusions
This paper discusses a case study for the feasibility and envi-
ronmental impacts of lagoon water drainage and the use of off-
shore dredged spoils for land reclamation at Abu Qir Bay,
Egypt. Based on lagoon water sample analyses and siteconditions, different options for lagoon water drainage
were discussed and evaluated from an environmental
prospective.
For the land reclamation assessment, two options were con-
sidered: using onshore ﬁll material sources versus offshore
dredging spoils. Due to archaeological constraints, availability
of suitable offshore ﬁll material type, two options for dredging
spoils were considered: the ‘‘Near Zone’’ option and the ‘‘Far
zone’’ option.
A comparison study between using onshore and offshore
ﬁll material sources to ﬁll the site is presented. The criteria
for comparison included environmental impacts, ﬁlling mate-
rial type and availability, duration and cost of execution.
The ﬁndings from this study are discussed as follows:
1. Taking into consideration the best industry practice, the
environmental assessment has revealed that the overall
impacts resulting from using dredged material from the
Near Zone option will slightly exceed those resulting from
the onshore ﬁll material option with a low increment.
2. Offshore dredging spoils using dredged material from the
Far Zone option has less overall environmental impacts
than those resulting from the use of onshore ﬁll material
sources.
3. For the speciﬁed site, duration of execution in case of using
offshore dredging spoils represents about one-fourth the
time required in case of using onshore ﬁll material sources.
4. Cost of execution for both onshore and offshore options is
very comparable.
5. In general, the offshore dredging spoils option seems to be
attractive for the speciﬁed site.
6. The presented environmental assessment methodology can
be applied as a preliminary assessment for land reclamation
projects at coastal areas. Final assessment depends on the
speciﬁc conditions of each project site.Acknowledgment
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